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Abstract 
Lipases catalyze the hydrolysis of ester bonds in triacylglycerides, generating glycerol and free fatty acids. These enzymes are 
encoded by extremely complex gene families, and appear to fulfil many different biological functions. Although they are 
present in all types of organisms, available information on plant lipases is still very limited, as compared to their bacterial and 
animal counterparts. A full-length clone, BnLIP, encoding a putative lipase, has been isolated by PCR amplification of Brassica 
napus genomic DNA, with oligonucleotide primers derived from the sequence of an Arabidopsis thaliana homologue. The 
clone included an open reading frame of 1581 bp encoding a polypeptide of 526 amino acids, with a calculated molecular mass 
of 59.5 kDa. Analysis of the deduced protein sequence, sequence alignment with homologous proteins from related plant 
species, and a phylogenetic analysis revealed that the BnLIP protein belongs to the ‘classical’ GxSxG-motif lipase family. RT-
PCR assays indicated that the BnLIP gene is expressed specifically, but only transiently, during seed germination: the lipase 
mRNA was not present at detectable levels in ungerminated seeds, was detected only three days after seed imbibition, but its 
levels decreased rapidly afterwards. No expression was observed in roots, stems or leaves of adult plants. This expression pattern 
suggests that BnLIP is one of the lipases involved in the hydrolysis of triacylglycerides stored in rapeseed seeds, ultimately 
providing nutrients and energy to sustain seedling growth until photosynthesis is activated. 
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Introduction 
Lipases (triacylglycerolacylhydrolases, EC 3.1.1.3) are 
enzymes that catalyze the hydrolysis of ester bonds in 
triacylglycerides (TAGs), to generate glycerol and free fatty 
acids. They are adapted to operate at the interfaces of biphasic 
systems, a phenomenon known as ‘interfacial activation’, in 
which the characteristic substrate is an aggregate, micelles or 
monomolecular films formed by ester molecules, interfacing an 
aqueous medium (Santos et al., 2013). In many lipases, a 
flexible hydrophobic ‘lid’ formed by an α-helix stretch covers 
the active site, which is released upon adsorption of the enzyme 
to the interface, thus allowing the access of the substrate 
(Quettier and Eastmond, 2009). Lipases have been isolated 
from various sources: bacteria, fungi, animals, plants, or algae. 
Although some lipases have been purified from seeds of 
different species (e.g. Lin and Huang, 1984; Fuchs et al. 1996), 
very few have been characterised at the molecular level, mainly 
due to their generally low contents in the reported tissues, and 
the loss of activity when traditional purification strategies are 
employed (Seth et al., 2014). Therefore, information on plant 
lipases is still limited, especially when compared with the 
mammalian and bacterial counterparts.  
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Materials and Methods  
Plant material  
Oilseed rape (Brassica napus L. var. ‘Pactol’) seeds were 
soaked in tap water for 24 h, sterilised with a 7% (v/v) aqueous 
solution of calcium hypochlorite for 5 min, thoroughly washed, 
and germinated in the dark at 26 ºC, on filter paper moistened 
with distilled water. Etiolated seedlings, collected at different 
times after germination, as well as roots, stems, leaves and 
flowers harvested from adult plants in a local farm were used 
for RNA extraction, to analyze the expression of the lipase 
gene. 
 
Plasmids and bacterial strains  
PCR amplification products were cloned in plasmid 
pGEM T-easy (Promega), following the protocol 
recommended by the company. Escherichia coli DH5α cells 
were used as host in all cloning procedures. 
 
Isolation of the lipase gene BnLIP, from Brassica napus genomic 
DNA  
Rapeseed genomic DNA was isolated from old etiolated 
seedlings, using the ‘DNA purification kit’ (Promega). A DNA 
fragment including the lipase gene was amplified by PCR, with 
primers designed from the genomic sequence of an Arabidopsis 
thaliana homologue (GeneBank accession number 
NM112294.4) (forward primer sequence: 5’-
ATGCACAAAGACAACGATTCGGGTT-3’, reverse 
primer sequence: 5’-ATTATCGGGTCCAAGCCTAAC-
3’). The PCR reaction mixture contained, in a total volume of 
50 µl, 2 µl of B. napus genomic DNA, the four dNTPs (200 
µM each), 2.4 mM MgCl2, 5 µl of each primer (1 µM final 
concentration), 1 unit of GoTaq Flexi DNA polymerase, and 
reaction buffer (Promega). The PCR program included an 
initial denaturing step at 94 ºC for 2 min, 35 cycles of 
amplification (denaturing for 30 s at 94 ºC, primer annealing 
for 30 s at 55 ºC, and 2 min extension at 72 ºC), and a final 
extension at 72 ºC for 10 min. The PCR amplified products 
were cloned into pGEM T-easy vector and sequenced using 
M13 forward and reverse primers. 
 
Reverse transcription (RT)-PCR 
Total RNA was extracted from etiolated oilseed rape 
seedlings, at different days after germination (DAG), and from 
different adult plant organs (roots, stems, leaves, and flowers) 
using TRIZOL reagent (Thermo Fisher Scientific) and the 
protocol provided by the manufacturer. After treating the 
RNA preparations with RNase-free DNase, the first-strand 
cDNA was synthesized using the Super-script II kit 
(Invitrogen). PCR amplification was performed with primers 
designed from the coding region of the gene (forward primer: 
5’-CAAGTTTGTAGTCACGGGTCACAG-3’ and reverse 
primer: 5’-CGTAAGGCAATCTCGGGACAAG-3’), 
which should amplify a fragment of 239 bp of the cDNA. The 
reaction mixture included 4 µl of the previous RT reaction; the 
other components of the PCR reaction, and the amplification 
conditions, were the same that those described in the previous 
section for amplification of genomic DNA. As an internal 
control, the mRNA of the rapeseed actin gene, BnACT
(Genebank accession AF111812), was detected by RT-PCR of 
the same total RNA samples, with the forward primer Fw973 
Seed germination, a complex and multistage process, is a
critical developmental stage in the life cycle of seed plants. 
During germination and cotyledon senescence, oil bodies are 
degraded by lipases, which mobilize stored TAGs 
(Vijayakumar and Gowda, 2012). It has been reported that, 
with a few exceptions, lipase activity is absent in ungerminated 
(or dormant) seeds and increases rapidly upon germination 
(e.g., Peres Polizelli et al., 2008). In some cases, enzymes isolated 
from dormant seeds – for example from castor bean 
(Estamond, 2004), peanut (Sanders and Pattee, 1975), or 
Jatropha curcas (Abigor et al., 2002) – are highly active in vitro
but apparently inactive in vivo. Oilseed lipases have attracted 
much interest because of their great potential for commercial 
exploitation as industrial enzymes, including those isolated 
from oilseed species that can be considered as underutilized 
(Enujiugha et al., 2004). These enzymes are effective catalysts of 
various inter-esterification and trans-esterification reactions 
(Gupta et al., 2004; Romdhane et al. 2012) in the presence of 
decreasing amounts of water and often in the presence of 
organic solvents (Ogino et al., 2004; Palacios et al., 2014). 
Because of their versatility, lipases are the enzymes of choice for 
multiple applications in different fields: food, pharmaceutical, 
chemical, detergent, leather, textile, cosmetics and paper 
industries, for organic synthesis, biodiesel production or even 
environmental management (Pandey et al., 1999; Sharma et al., 
2002; Barros et al., 2010; Foresti and Ferreira, 2010).  
According to characteristic conserved sequence elements, 
lipases can be divided into GxSxG and GDSL families. The 
GxSxG lipases are the so-called ‘classical’ lipases, and their active 
site is a catalytic Ser, His, Asp/Glu triad; the serine residue is 
located in a highly conserved Gly–X–Ser–X–Gly motif (X can 
be any amino acid, and sometimes the first Gly is replaced with 
Ala), located near the centre of the protein, in a turn between 
an α/β-strand and an α-helix – a so-called nucleophilic elbow –
and some additional conserved consensus sequences (Woolley 
et al., 1994); apart from these conserved elements, there is little 
overall sequence similarity between family members. Without 
such nucleophilic elbow present in the classical lipases, GDSL 
lipases have a serine-containing motif (the GDSL motif) closer 
to the N-terminus, including the Ser of the catalytic triad (Ser, 
Asp, His). GDSL lipases do not have significant sequence 
homology to classical lipases, and show properties such as broad 
substrate specificity and regiospecificity (Akoh et al., 2004; 
Ling et al., 2006).  
The seeds of Brassica napus (rapeseed) are rich in oil, with a 
high proportion of mono and polyunsaturated fatty acids, such 
as oleic and linoleic acids, and very low content of saturated fat. 
This plant is one of the main sources of edible oil for humans 
(Niu et al., 2009), as rapeseed is among the most important 
oilseed crops worldwide. Large amounts of TGAs are stored in 
seeds, and during seed germination lipases turn active and 
catalyse the breakdown of lipids for sustaining post-germinative 
growth. To understand the molecular mechanisms underlying 
these biological processes, it is necessary to characterise the 
lipases involved. Based on the homology with a lipase gene 
from the model plant Arabidopsis thaliana, we isolated a 
Brassica napus gene encoding a GxSxG lipase, determined its
genomic structure and analyzed its expression patterns in 
several plant organs and during seed germination.  
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(5’-TTCCCTGGAATTGCTGACCG-3’) and the reverse 
primer Rv1052 (5’-ACTGTACTTCCTCTCAGGCG-3’), 
which amplify a 99 bp fragment of the actin cDNA. 
 
Sequence analysis and bioinformatics 
Programs accessed at the US National Center for 
Biotechnology Information (NCBI) were used for nucleotide 
sequence analysis, deduction of the amino acid sequences and 
database searches. Genes encoding several plant lipases were 
retrieved from the GenBank database by BLAST searches and 
used for sequence comparison. Protein sequences were aligned 
using the Clustal X 1.8 programme. 
The phylogenetic tree was produced by neighbour-joining 
(NJ) methods (Kimura 2-parameter model, 10,000 replicates, 
bootstrap phylogeny test) based on lipase amino acid 
sequences, using MEGA software version 4.0. 
 
Results  
Isolation of an oilseed rape lipase gene, BnLIP 
In previous experiments, a 582 bp DNA fragment was 
amplified by PCR from rapeseed seedlings DNA, using 
primers designed from the conserved catalytic core sequence of 
lipases from several plant species (Gladied Ghram et al. 2013).
BLAST searches showed that this fragment shared 85% 
homology, at the nucleotide level, with sequences in an 
Arabidopsis thaliana gene (GeneBank accession nº 
NM112294.4), encoding a putative α/β-acylhydrolase-lipase 
protein. The deduced amino acid sequence contained the 
conserved domains characteristic of GxSxG-type lipases, thus 
confirming the isolation of partial clone of a B. napus ‘classical’ 
lipase gene. New primers were designed from the A. thaliana
gene, to isolate by PCR the full-length rapeseed clone from B. 
napus genomic DNA. A 1,841 bp fragment was amplified, 
cloned and sequenced. The sequence has been deposited in the 
GeneBank database (Accession nº KR998334). 
 
Structure of the genomic clone 
An alignment of the B. napus genomic sequence with the 
A. thaliana homologue allowed determining the structure of 
the gen, since the number and position of intervening 
sequences were found to be conserved between the two genes. 
BnLIP contained five exons and four introns, sequentially 
located at the nucleotide positions 162, 690, 799 and 1500, 
respectively; the introns of the rapeseed gene were generally 
shorter than the corresponding introns of Arabidopsis. Fig. 1 
shows a schematic representation of the BnLIP structure in the 
region including the ORF (that is, in between the translation 
start and stop codons), with the position and size of each exon 
and intron. 
 
DNA and protein sequence analysis 
The cDNA sequence of BnLIP, obtained from the 
genomic clone by eliminating the introns and joining the 
coding sequences (Fig. 1), and the deduced amino acid 
sequence, are shown in Fig. 2. The ATG initiation codon is 
located at position 261 and a stop codon, TGA, at position 
1,841 of the DNA sequence. The cDNA contains, therefore, 
an open reading frame (ORF) of 1,581 bp (including the stop 
codon), encoding a putative protein of 526 amino acids (Fig. 
2). The protein has a calculated molecular mass of 59.5 kDa, 
and a predicted isoelectric point of 5.7. 
In the amino acid sequence, the conserved GxSxG motif 
characteristic of ‘classical’ lipases (G-H-S-L-G, in this case) is 
located at position 317. Apart from the serine residue within 
this motif, the other members of the catalytic triad 
characteristic of all true lipases can be found at positions 407 
(Asp) and 475 (His) in the amino acid sequence (Fig. 2).  
Protein BLAST searches detected several sequences in the 
databases with significant homology to the newly described 
Brassica napus lipase, most of them putative or not yet 
characterized proteins; some of these sequences have been 
aligned and are shown in Fig. 3. One of the proteins with 
highest homology (about 54% identical amino acids, and 60% 
similarity) is a putative GxSxG-motif lipase from a closely 
related species of the same genus, Brassica rapa (GeneBank 
accession nº XM 009148129.1); it should be mentioned that a 
similar degree of sequence homology has been found with some 
other B. napus protein sequences (not included in the 
alignment of Fig. 3). Other putative lipases from species 
belonging to the Brassicaceae (Eutrema salsugineum, Camelina 
sativa, Capsella rubella, Arabidopsis thaliana) or the related 
family Cleomaceae (Tarenaya hassleriana), showed somewhat 
 
Fig. 1. Schematic representation of the exon-intron organization of the BnLIP gene. Exons are marked as EA, EB, EC, ED and EE, 
and introns are numbered as I1, I2, I3, and I4. The initial codon ATG and terminal codon TGA are marked with arrows, the 
lengths of exons and introns are indicated within the corresponding boxes. For some of the boundaries between exons and 
introns, the flanking sequences are shown, with the conserved splice sites (GT, AG) underlined 
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lower homology to BnLIP (45-50% identity, 55-60% 
similarity) or shorter overlapping regions (Fig. 3). For 
comparison, two GDSL-motif lipases from A. thaliana have 
been included in the alignment, ‘LTL 1’ (Li-tolerant lipase 1) 
and a ‘GDSL-motif lipase/hydrolase-like protein’. These latter 
proteins are quite different in their sequences from the 
previously mentioned GxSxG-motif lipases, and do not share 
many of their conserved amino acids, as it can be clearly seen in 
Fig. 3. Other lipases or lipase-like proteins from other plant 
species less related taxonomically, such as Oryza brachyantha 
(accession nº XP 006649076.1) or Phoenix dactylifera (XP 
008778984.1), also showed lower homology to the rapeseed 
lipase, below 30% amino acid identity (data not shown). 
Lipases or lipase-related proteins from animals and microbes 
were not found to share significant sequence homology with 
the BnLIP protein.  
The alignment of the amino acid sequences of BnLIP and 
homologous GxSxG-motif lipases allowed detecting the 
features that define this protein family. First, obviously, the 
440 
motif that gives name to this group of lipases, which is identical 
(GHSLG) in the seven members included in the alignment, 
probably reflecting their taxonomic closeness; this motif is 
located at position 376, according to the numbering of Fig. 3. 
As expected, this motif is not present in the two GDSL lipases 
(Fig. 3). In addition, another four consensus sequences 
characteristic of the GxSxG lipase family: GGALA, LFP, 
YTFGQPRI and KHFG were found in the sequences, at 
locations 380, 386, 407 and 457, respectively. Here again, these 
consensus amino acids are not present in the sequences of the 
GDSL lipases (Fig. 3). Concerning the catalytic triad essential 
for most serine hydrolases (Ollis et al., 1992), in addition to the 
serine residue within the GHSLG consensus, the other 
members could be found at positions D466 and H535. Since 
this catalytic triad (Ser, His and Asp/Glu) is a conserved feature 
of the wider super-family of α/β-fold hydrolases, these amino 
acids are also conserved, in the same positions, in the sequences 
of the GDSL lipases included in the alignment.  
 
atgcacaaccccacgattcgggttcgaatccgggccccaggtcaaactacttgatcgttcgg 
cctcaccgaggtggctacagagacctttttcaatacggtgtgagaggagacgaaactagc 
aaaaacaagttcctcgaacgacctgatgatcactccgacaggaccacatcggcgatcaat 
gtacaagccggtgatcaccgatgggtcatcgtggtctcgatcctcgtccgcaagatcatc 
gggcttctccgaacaccgatggaatacacgggtttggtcgttgactttgtgctcaatctc 
                  M  E  Y  T  G  L  V  V  D  F  V  L  N  L   14 
ttgtctgcgaacggtggcttcttcggtttggttcttgggctgattataggtacgaactct 
L  S  A  N  G  G  F  F  G  L  V  L  G  L  I  I  G  T  N  S   34 
gagatagaaacggaattaagattggttttttttttgatgtgggttgattgtgtttgcagc 
E  I  E  T  E  L  R  L  V  F  F  L  M  W  V  D  C  V  C  S   54 
gaaggtagtggtaccagagagaggctctgtgggattttgtttgtacgattgggtcagctt 
E  G  S  G  T  R  E  R  L  C  G  I  L  F  V  R  L  G  Q  L   74 
gatggggaggattcatcttttccaagggttggagttttcgtcgaacagttggtgtgcagg 
D  G  E  D  S  S  F  P  R  V  G  V  F  V  E  Q  L  V  C  R   94 
gaaggaatccggtttattccggttcttctgggaaagttggaatcgaacccgggagtcgtg 
E  G  I  R  F  I  P  V  L  L  G  K  L  E  S  N  P  G  V  V  114 
ggcttatggatttgtgtgtcattggcgtcaaacttgcgtatcaaaccctttgttgttgaa 
G  L  W  I  C  V  S  L  A  S  N  L  R  I  K  P  F  V  V  E  134 
aaccttgggaatctcatggaaggaaggttgcctaaaataaaacctcatgaggataaggta 
N  L  G  N  L  M  E  G  R  L  P  K  I  K  P  H  E  D  K  V  154 
agtttccaactttacttaagttttgatcttttaatgactgcagatcaatctggttcagtt 
S  F  Q  L  Y  L  S  F  D  L  L  M  T  A  D  Q  S  G  S  V  174 
cttggattgttggaatggtcaggattatattctttacacttgtgtttacttttatacatg 
L  G  L  L  E  W  S  G  L  Y  S  L  H  L  C  L  L  L  Y  M  194 
aacacttttgtggatgtgtgttttgtctatttttgtagattatcagaagcagatgtctac 
N  T  F  V  D  V  C  F  V  Y  F  C  R  L  S  E  A  D  V  Y  214 
acaagtgtttatactcactcatttggagaaagagcagatccttttttctacacagagaac 
T  S  V  Y  T  H  S  F  G  E  R  A  D  P  F  F  Y  T  E  N  234 
attccacttttcaaagatcagatcttttatgagagaaaagaatctggtttcatcgaagca 
I  P  L  F  K  D  Q  I  F  Y  E  R  K  E  S  G  F  I  E  A  254 
atgggttttggtaccagagactacactcccactttcgattaccatctcgtcgagctatgc 
M  G  F  G  T  R  D  Y  T  P  T  F  D  Y  H  L  V  E  L  C  274 
tcctctgagaaagagaataaccaaaagaatctcccagagatggttgagagaagcgcttat 
S  S  E  K  E  N  N  Q  K  N  L  P  E  M  V  E  R  S  A  Y  294 
tacgcagttagagaaactctgtatcgtttgcttgcggagcacgcaaacgccaagtttgtt 
Y  A  V  R  E  T  L  Y  R  L  L  A  E  H  A  N  A  K  F  V  314 
gtcacgggtcacagcttgggaggcgcgtttgcgattctgtttcccacgttgctggtgttc 
V  T  G  H  S  L  G  G  A  F  A  I  L  F  P  T  L  L  V  F  334 
aaagaggagacggagatcatcaggaggctgcttggggtttacactttcggacagcccagg 
K  E  E  T  E  I  I  R  R  L  L  G  V  Y  T  F  G  Q  P  R  354 
atcgggaacagagagattggtagtttcatcaaagctaaactcaatcaccctgttgataga 
I  G  N  R  E  I  G  S  F  I  K  A  K  L  N  H  P  V  D  R  374 
tactttcgtgttgtgtactgcaacgatcttgtcgcgagattgccttacgacgacacaacg 
Y  F  R  V  V  Y  C  N  D  L  V  A  R  L  P  Y  D  D  T  T  394 
ttcctctacaagcatttcggagtctgtctttactacgacagtttctacaacgagacagtg 
F  L  Y  K  H  F  G  V  C  L  Y  Y  D  S  F  Y  N  E  T  V  414 
atgttctcatcactaaaaaacaatctttacatgtttttaggtttggacttaaacttatca 
 M  F  S  S  L  K  N  N  L  Y  M  F  L  G  L  D  L  N  L  S  434 
ttggttcttcttgcatgtttgacagagagcagaggatcaaccggatccgaacccttacgg 
 L  V  L  L  A  C  L  T  E  S  R  G  S  T  G  S  E  P  L  R  454 
tatgcgttatgcggtccttgctcatgtatacgcggtttgggagttggtttcaggtttcat 
 Y  A  L  C  G  P  C  S  C  I  R  G  L  G  V  G  F  R  F  H  474 
catggggttcatttatggaccgggttattcagaaggatggttttggatcttgttttggct 
 H  G  V  H  L  W  T  G  L  F  R  R  M  V  L  D  L  V  L  A  494 
cattggactcatcattccaggcctctcggatcattgcccgactcattatgtttactcggt 
 H  W  T  H  H  S  R  P  L  G  S  L  P  D  S  L  C  L  L  G  514 
ttggctggacccgatattattcacttgtccattgcttga 
 L  A  G  P  D  I  I  H  L  S  I  A  -                        
Fig. 2. The cDNA nucleotide sequence (deduced from the genomic sequence by elimination of intron sequences), and the 
corresponding amino acid sequence of BnLIP from Brassica napus (GenBank accession nº KR998334). The translation initiation 
codon (ATG) and the stop codon (TGA) are shown in boldface. The GxSxG-motif is underlined (GHSLG), and the catalytic 
triad amino acids (S, D, H) are typed in bold letters 
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Phylogenetic analysis  
A phylogenetic analysis, using neighbour-joining methods,
was carried out with the amino acid sequences of BnLIP and 
13 additional putative GxSxG-lipases from seven different 
species; for comparison, two Arabidopsis thaliana GDSL-motif 
lipases were also included in the analysis (Fig. 4). These proteins 
are the same shown in the multiple alignment of Fig. 3, plus 
seven additional related sequences, all from species belonging to 
the Brassicaceae family – except that from Tarenaya 
hassleriana. The phylogenetic relationships of the GxSxG 
lipases revealed by this study confirmed the results of the 
multiple alignment and roughly correlated with the established 
taxonomic classification of the included species. On the other 
hand, the two GDSL lipases appear clearly separated from all 
GxSxG lipases in the phylogenetic tree (Fig. 4). 
Gene expression analysis 
RT-PCR, performed on total RNA isolated from 
germinating rapeseed seeds at different ‘days after germination’ 
(DAG), was used to investigate the expression pattern of the 
BnLIP gene during early seedling development. In imbibed 
seeds (0 DAG) or at one or two DAG, no transcript could be 
detected (data not shown). Transcription of the lipase gene 
seems to be specifically activated at 3 DAG, but only 
transiently, since the level of the BnLIP mRNA rapidly 
declined at later times (Fig. 5A). Confirming previous data 
(Gladied Ghram et al. 2013), the expression of the BnLIP gene 
could not be detected in different organs (roots, stems, leaves or 
flowers) of adult plants at the reproductive stage (Fig. 5B). The 
transcript of the housekeeping BnACT gene, on the contrary, 
was detected at similar levels in all RNA samples (Fig. 5A, B).  
Fig. 3. Multiple alignment of the amino acid sequences of BnLIP lipase and homologous proteins from other plant species. The 
proteins included are, in this order: Brassica napus lipase, BnLIP (GeneBank accession KR998334); Brassica rapa uncharacterized 
X2 (XM_009148128.1); Eutrema salsugineum hypothetical protein (1) (XM_006407026.1); Camelina sativa uncharacterized 
(XM_010467024.1); Capsella rubella hypothetical protein (XM_006297376.1); Arabidopsis thaliana unknown protein 
(AY150508.1); Tarenaya hassleriana uncharacterized (XM_010544043.1). Two proteins from A. thaliana, belonging to the 
GDSL lipases, were also included in the alignment: Li-tolerant lipase 1 (AEE74063.1), and GDSL-motif lipase/hydrolase-like 
protein (AB022220.1). Conserved residues in the protein catalytic core are coloured in blue, and the four amino acids identical in 
all nine sequences, in red. Consensus amino acid residues are aligned at the bottom line 
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Discussion 
Here, the isolation and initial characterisation of a novel 
Brassica napus gene encoding a putative lipase protein is 
reported. Analysis of the deduced amino acid sequence, 
alignments with homologous proteins from other plant species 
and a phylogenetic analysis indicated that the putative rapeseed 
protein, BnLIP, is a member of the ‘classical’ GxSxG lipase 
family, containing this highly conserved motif (GHSLG, in 
this case), as well as the additional consensus sequences 
characteristic of this class of proteins that distinguish them 
from the GDSL-motif family (Akoh et al. 2004). Apart from 
these conserved elements, there is relatively low overall 
sequence similarity (below 60%) between BnLip and its 
homologous GxSxG lipases, even from closely related species. 
This is characteristic of these lipolytic enzymes and generally of 
the wider superfamily of α/β-fold hydrolases, where protein 
structures are much more conserved than primary amino acid 
sequences. 
Plants apparently contain a very large number of genes 
encoding putative lipases belonging to either family, GxSxG or 
GDSL. According to these conserved sequence elements, there 
could be over hundred GDSL-motif lipase homologues in a 
given plant species, as revealed for example by the Arabidopsis
and rice sequencing projects. The huge complexity of this 
family of proteins suggests that they play many different 
functional roles in plants, probably acting on a variety of 
substrates. Specific GDSL lipases have been reported to be 
involved, for example, in the response to salt stress in A. 
thaliana (Naranjo et al., 2006), or to pathogens in Chinese 
cabbage (Lee and Cho, 2003). The number of members of the 
‘classical’ lipase gene family is not so high but, still, initial data 
mining showed the presence of at least 17 gene candidates of 
the GxSxG lipase gene family in the Arabidopsis thaliana
genome (Beisson et al., 2003), while a more recent analysis 
increased this number to 38 putative genes (Li et al., 2012). As 
for the GDSL lipases, the GxSxG lipases may fulfil different 
biological functions in plants. They may act releasing fatty acids 
from membrane lipids; fatty acids are important signalling 
molecules, which participate in the regulation of 
developmental processes and in the responses of plants to 
abiotic and biotic stress (Farmer et al., 1998); in agreement 
with this idea, some lipases have been shown to be induced by 
pathogens and to be necessary for the activation of defence 
responses (Falk et al. 1999, Jakab et al. 2003, and references 
therein).  
Apart from the high complexity of the lipase gene families, 
elucidation of their biological functions is hampered by the fact 
that their physiological substrates are generally unknown, since 
for those – relatively few – lipases that have been purified from 
plants, the enzymatic activity has been demonstrated only in 
vitro and with artificial, model substrates. Therefore, analysis of 
the expression patterns of the isolated lipase genes may provide 
some clues as to their in vivo functions.  
The BnLIP gene is transcriptionally activated, specifically, 
during the early stages of seed germination, but its mRNA 
accumulates only transiently, so that it is not detected in older 
seedlings. Moreover, the gen does not seem to be expressed in 
 
Fig. 4. Phylogenetic relationships of plant lipases. The analysis 
was performed with Clustal X and MEGA version 4.0 
software, using the neighbour-joining method, and included, 
in addition to the Brassica napus lipase, BnLIP, (bold and 
underlined) and all proteins shown in the multiple alignment 
of Fig. 3, the following protein sequences: Camelina sativa
uncharacterized (2) (XM_010503553.1), Camelina sativa 
uncharacterized (3) (XM_010488931.1), Arabidopsis lyrata 
subsp. lyrata lipase class 3 family protein (XM_002882830.1), 
Arabidopsis thaliana alpha/beta-hydrolase (NM_112294.4), 
Arabidopsis thaliana unknown protein (2) (AY056160.1), 
Eutrema salsugineum hypothetical protein (2) 
(XM_006407026.1), and Brassica rapa uncharacterized X1 
(XM_009148129.1) 
 
Fig. 5. RT-PCR analysis of BnLIP expression. (A) BnLIP
expression profile during seed germination. Total RNA, used 
as template for the RT-PCR reactions (1 μg/sample), was 
isolated from early seedlings at 3, 4, 5 and 6 DAG (days after 
germination). (B) BnLIP expression in rapeseed plants, at the 
reproductive developmental stage. Total RNA was isolated 
from the roots, stems, leaves and flowers of adult plants, and 
from early seedlings (as a positive control), and used in the RT-
PCR reactions (1 μg/sample). The B. napus actin gene 
(BnACT) was used as internal standard 
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adult plants. These data strongly suggest that the BnLIP 
protein is one of the lipases responsible for hydrolysis of TAGs 
stored in rapeseed seeds, as it has been shown for lipases from 
other species (Eastmond, 2004, 2006). The free fatty acids 
produced are transported to the glyoxysome, where they 
undergo β-oxidation to generate acetyl-CoA, which is finally 
converted into glucose through the glyoxylate cycle and 
gluconeogenesis (Hayashi et al., 2002; Eastmond, 2006; and 
references therein). The synthesized glucose will sustain early 
seedling growth until the photosynthetic machinery is 
functional. The expression profile of BnLip is also similar to 
that of genes involved in the glyoxylate cycle (Beevers, 1979), 
thus supporting its possible involvement in fat mobilization 
during seed germination. 
Enzymatic assays of B. napus cotyledon extracts detected a 
lipase activity which varied more or less in parallel with the 
expression of the BnLIP gene: present at very low levels in 
ungerminated seeds, the activity greatly increased during 
germination with a maximum at three DAG, to rapidly 
decrease afterwards (Belguith et al., 2001). The same authors 
identified a polypeptide of ca. 55 kDa apparent molecular 
weight in the 3-day-old cotyledon extracts, which cross-reacted, 
in different immunological assays, with a polyclonal antibody 
raised against a porcine pancreatic lipase (Belguith et al., 2001). 
It is possible, therefore, that this activity is encoded by the 
isolated BnLIP gene. Yet, this must be demonstrated since 
several lipase genes can be simultaneously expressed in the 
seedlings; for example, a different rapeseed lipase – with a 
molecular mass of 38 kDa – has been more recently purified, 
apparently to homogeneity, from the same cotyledon extracts 
(Belguith et al., 2013). Production of the recombinant lipase 
protein and its extensive biochemical and enzymatic 
characterisation, including the identification of possible 
physiological substrates, should provide relevant information 
concerning the biological function of the BnLIP gene during 
seed germination in B. napus. 
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